Vitamin D toxicity. Initial site and mode of action.
Two groups of weanling pigs, injected with 45Ca, were fed diets containing optimal calcium and phosphorus, and vitamin D3 at 1320 IU/kg feed in the control group, and 825,000 IU/kg feed in the test group. The groups were further subdivided with 2 pigs in each subgroup, with survival times of 1, 2, 3, 4, 7, and 14 days. Pigs fed the high level of vitamin D3 lost weight and anorexia, weakness, rough hair coat and labored breathing were observed. Hypercalcemia began at 12 hours and progressed rapidly after 2 days. Radioisotope sutdies interpreted in the light of histopathologic findings indicated that bone was the primary source of increased plasma calcium. Calcium was released at a rapid rate into blood from prelabeled bone which was undergoing necrosis; it was also removed from blood and deposited into bone at a slower rate due to decreased apposition. Histopathologic examination of bones from test pigs showed regressive changes in the osteocytes, chondrocytes and osteoblasts which bean within 1 day of treatment and resulted in evidence osteopenia within 7 days. Arrested osteocytic osteolysis led to the appearance of cementing lines and to chondroid core retention. Further regressive changes in the osteocytes resulted in osteocytic death and osteonecrosis with subsequent osteoclasia and osteopenia. Retardation and arrest of cartilage maturation as well as osteoblastic deficiency contributed to the osteopenia. The osteopenia was further evidenced by decreased specific gravity and ash content per unit volume of humerus. The initial negative effect on the osteocytes, chondrocytes and osteoblasts is attributed to a direct toxic effect of excessive dietary vitamin D3 since hypoparathyroidism and hypercalcitoninism, which occur secondarily to hypercalcemia, could not account for the rapid appearance of this effect, nor are they known to induce osteocytic death. The release of bone calcium and the resulting hypercalcemia in vitamin D3 toxicosis is therefore due to a direct toxic effect of the vitamin, or its metabolites, on the osteocyte resulting in osteonecrosis. It is not due to increased resorption as has been reported previously from both in vivo and in vitro investigations. Degeneration, with subsequent inflammation, but without calcification, was observed in the kidneys and in the lungs. Epithelial cells, basement membranes, and smooth muscle were affected. This conclusively demonstrates that degeneration is the primary soft tissue lesion in vitamin D3 toxicosis, and that the subsequent calcification is therefore dystrophic. Degenerative changes occurred in the parathyroid glands within 1 day of treatment resulting in necrosis, inflammation and atrophy within 4 days. Relative fibrosis was seen as the parenchyma receded. The parathyroid gland changes were considered a direct effect of vitamin D3 toxicity since they occurred with only mild hypercalcemia and since necrosis of parathyroid cells has not been demonstrated with hypercalcemia either in vivo or in vitro.